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DIGITAL VIR FOR RECORDING SPECIAL
REPLAY VIDEO DATA IN TRACK AREAS
DESIGNATED FOR DIGITAL VIDEO AND

DIGITAL AUDIO

This application 1s a divisional of application Ser. No.
08/902,313, filed on Jul. 29, 1997, now U.S. Pat. No.
5,960,150 which 1s a divisional of application Ser. No.
08/420,141, filed on Apr. 11, 1995, now U.S. Pat. No.
5,642,915, the enfire contents of which are hereby incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a digital video tape
recorder (hereinafter referred to as digital VI'R) having a
track format for recording digital video and audio signals 1n
predetermined arecas on oblique tracks, and relates to a
digital VIR 1n which the digital video and audio signals are
input 1n the form of a bit stream, and the bit stream 1s
magnetically recorded and played back.

FIG. 93 1s a diagram showing a track pattern of a
conventional, general consumer digital VIR. Referring to
the drawing, a plurality of tracks are formed on a magnetic
tape 10, 1n a head scanning direction inclined to the tape
transport direction, and digital video and audio signals are
recorded therein. Each track 1s divided into two areas, a
video area 12 for recording a digital video signal and an
audio area 14 for recording a digital audio signal.

Two methods are available for recording video and audio
signals on a video tape for such a consumer digital VIR. In
one of the methods, analog video and audio signals are input,
and recorded, using a video and audio high-efficiency encod-
ing means; this 1s called a baseband recording method. In the
other method, the bit stream having been digitally transmut-
ted; this method 1s called a transparent recording method.

For the system of recording ATV (advanced television)
signals, now under consideration 1n the United States, the
latter transparent recording method 1s suitable. This 1s
because the ATV signal 1s digitally compressed signals, and
does not require a high-efficiency encoding means or a
decoding means, and because there 1s not degradation 1n the
picture quality due to transmission.

The transparent recording system however 1s associated
with a picture quality problem 1n a special playback mode,
such as a fast playback mode, a still mode and a slow mode.
In particular, when a rotary head scans the tape obliquely to
record a bit stream, almost no 1mage 1s played back at the
time of fast playback, if no specific measure 1s taken.

An improvement for the picture quality for the transparent
recording system recording the ATV signal 1s described 1n an
article Yanagihara, et al, “A Recording Method of ATV data
on a Consumer Digital VCR”, 1n International Workshop on
HDTV, 93, Oct. 26 to 28, 1993, Ottawa, Canada,

Proceedings, Vol. 1I. This proposal 1s now explained.

In one basic specification of a prototype consumer digital
VTR, in SD (standard definition) mode, when the recording
rate of the digital video signal 1s 25 Mbps, and the field
frequency 1s 60 Hz, two rotary heads are used for recording
a digital video signal of one frame, being divided 1nto video
arcas on 10 tracks. If the data rate of the ATV signal 1s 17
to 18 Mbps, transparent recording of the ATV signal 1is
possible with the recording rate m this SD mode.

FIG. 94A and FIG. 94B show tracks formed 1n a magnetic
tape using a conventional digital VIR. FIG. 94A 1s a
diagram shoving scanning traces of the rotary heads during
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normal playback. FIG. 94B shows scanning traces of the
rotary heads during fast playback. In the example under
consideration, the rotary heads are opposite each other
spaced 180° apart on a rotary drum, and the magnetic tape
is wrapped around over 180°. In the drawing, adjacent tracks
on the tape 10 are scanned by two rotary heads A and B
having different azimuth angles, alternately and obliquely, to
record digital data. In normal playback, the transport speed
of the tape 10 1s 1dentical to that during recording, so that the
heads trace along the recorded tracks. During fast playback,
the tape speed 1s different, so that the heads A and B trace
the magnetic tape 10 crossing several tracks. The arrow 1n
FIG. 94B indicates a scanning trace by head A at the time of
five-time fast feeding. The width of arrow represents the
width of the region read by the head. Fractions of digital data
recorded on tracks having an idenftical azimuth angle are
played back from regions meshed i the drawings, within

five tracks on the magnetic tape 10.

The bit stream of the ATV signal 1s according to the
MPEG?2 standard. In this bit stream according to the MPEG2
standard, only the intra-frame or intra-field encoded data of
the video signal, 1.e., the data of intra encoded block (intra
encoded block) alone can be decoded independently, with-
out reference to data of another frame or field. Where the bat
stream 1s recorded 1n turn on the respective tracks, the
recorded data are replayed intermittently from the tracks
during fast replay, and the 1mage must be reconstructed from
only the intra-encoded blocks contained in the replay data.
Accordingly, the video area updated on the screen i1s not
continuous, and only the fractions of data of intra coded
block are replayed, and may be scattered over the screen.
The bit stream 1s variable-length encoded, so that 1t 1s not
ensured that all the replay data over the screen 1s periodically
updated, and the replay data of certain parts of the video area
may not be updated for a long time. As a result, this type of
bit stream recording system does not provide a sufficient
picture quality during fast replay 1n order to be accepted as
a recording method for a consumer digital VIR.

FIG. 95 1s a block configuration diagram showing an
example of recording system 1n a conventional digital VIR.
Referring to the drawing, reference numeral 16 denotes an
mput terminal for the bit stream, 18 denotes an output
terminal for the bit stream, 20 denotes an HP data format
circuit, 22 denotes a variable-length decoder, 24 denotes a
counter, 26 denotes data extractor, and 28 denotes an EOB
(end of block) appending circuit.

To improve the quality of fast replay pictures, the video
arca on each track 1s divided into two types of areas. That 1s,
the video area on each track 1s divided into main areas 30 for
recording the bit stream of the ATV signal, and copy arcas
for recording important part of the bit stream which are used
for reconstruction of the image in fast replay. Only the
intra-encoded blocks are effective during fast replay, so that
they are recorded in the copy areas. To reduce the data
further, only the low-frequency components are extracted
from all the intra-encoded blocks, and recorded as HP (high
priority) data.

The bit stream of MPEG2 1s 1nput via the input terminal
16, and output via the output terminal 18, without
modification, and sequentially recorded 1n the main arcas 30
on each track of the tape. The bit stream from the input
terminal 16 1s also mput to the variable-length decoder 22,
and the syntax of the bit stream of the MPEG?2 1s analyzed,
and the intra-picture data 1s detected, and timing signals are
ogenerated by the counter 24, and the low-frequency com-
ponents of all the blocks in the intra-picture data are
extracted at the data extractor 26. Furthermore, EOBs are
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appended at the EOB appending circuit 28, and HP data 1s
constructed at an HP data format circuit, not shown. The HP
data 1s incorporated in the recording data for one track,and
recorded 1n the copy arecas 32.

FIG. 96A and FIG. 96B show an example of replay
system 1n a conventional digital VIR. FIG. 96A schemati-
cally shows normal replay. FIG. 96B schematically shows
fast replay.

Separation of data from the magnetic tape during normal
replay and fast replay are performed respectively in the
following ways. During normal replay, all the bit stream
recorded 1n the main areas 30 1s replayed, and the bit stream
from the data separation means 34 1s sent as the normal
replay data, to an MPEG2 decoder, provided outside the
replay system. The HP data from the copy arecas 32 are

discarded. During fast replay, only the HP data from the
copy areas 32 are collected, and sent, as fast replay data, to
the decoder. At the data separation means 34, the bit stream
from the main areas 30 1s discarded.

A method of fast replay from a track 1n which main areas
30 and copy areas 32 1s next described. FIG. 97A shows a
scanning trace of a head. FIG. 97B shows track regions from
which the replay 1s possible. When the tape speed i1s an
integer multiple of the normal playback speed, if phase-
locking control 1s conducted by an ATF (automatic track
following) method or the like for tracking by moving the
head itself, the head scanning 1s 1n a predetermined phase
relationship with tracks having an identical azimuth. As a
result, the data replayed by the head A from the tracks
recorded alternately by the heads A and B, are fixed to those
from the meshed regions.

In FIG. 97B, if the signal having an output level larger
than —6 dB 1s replayed by the heads, the data 1s replayed by
one head from the meshed tape regions. The drawing shows
an example of nine-time speed replay. If replay of the signals
from the meshed regions 1s ensured at the nine-time replay,
the regions are used as copy areas, and the HP data are
recorded in the Copy areas, So that the readings of the HP
data from these regions at this speed 1s p0351ble However,
reading of these signals at different speeds 1s not ensured.
Accordingly, a plurality of areas need to be selected for the
copy areas, so that the replay signals can be read at different
tape speeds.

FIG. 98 shows regions where the copy areas overlap for
a plurahty of different replay speeds. It shows examples of
scan regions for three different tape speeds, for cases where
the head 1s 1 synchronism with an i1dentical-azimuth track.
The scan regions where the reading by the head 1s possible
at different tape speeds overlap, at some of the regions. By
selecting the regions at which the overlapping occurs as the
copy areas, reading of the HP data at different tape speeds
can be ensured. The drawings show the regions at which
overlapping occurs at the fast-forward at four-time, nine-
fime, and 17-time speed. Theses scan regions are 1dentical to
those of feed-forward at -2-time, —/-time and —15-time high
speeds (1.e., rewind at 2-time, 7-time and 15-time speeds).

Even though there are overlapping regions for different
tape speeds, 1t 1s not possible to determine a recording
pattern so that 1identical regions are always traced at different
speeds. This 1s because the number of tracks crossed by the
head differs depending on the tape speed. Moreover, it 1s
necessary for the head to be capable of starting tracing at
whichever 1dentical-azimuth track. For this reason, 1dentical
HP data 1s repeatedly recorded over a plurality of tracks, to
solve the above problem.

FIG. 99 shows examples of scanning traces of the rotary
head at different tape speeds. Regions 1, 2 and 3 are selected
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from among the overlapping regions for five-time and
nine-time speeds. If identical HP data are repeatedly
recorded over 9 tracks, the HP data can be read at either of
five-time and nine-time speeds.

FIG. 100A and FIG. 100B show scanning traces at
five-time speed replay. In the illustrated example, 1dentical
HP data 1s repeatedly recorded over five consecutive tracks.
As will be seen from the drawings, identical HP data 1s
recorded over the number of tracks 1dentical to the number
of times of the tape speed (i.e., 5). In either of case 1 and
case 2, either the head A or B can read HP data from
corresponding azimuth track. Accordingly, providing the
copy areas 1n each track, in a number 1dentical to the number
of times of the tape speed at the fast replay, and repeatedly
recording the HP data there, the copied HP data can be read
at various speeds, and in either the forward or reverse
direction.
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